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LXXX.-Homologues of Blcta~etetrczCa7~~oxyl~c acid c inc l  
of Acllpic acid.* 

By UEVAK LEG, D.Sc., B.A., Bishop Berkeley Fellow of Owens 
College . 

I N T R o D u c T I o x. 

WHES ethylene dibromide is treated with the monosodium derivative 
ot  ethylic malonate, the chief product is ethjlic 1 : 1-trimethglene- 
dicarboxglate (Perkin, Trans., 3 887,51, 1). 

+ 2CHNa(COOEt), = YH2>C(COOEt), 
yH,Br 
CH,Br CHZ 

+ CH,(COOEt), + 2NaBr; 
but, at the same time, an oil of high boiling-point is formed, which, 
however, constitutes only about 3 per cent. of the whole; this, on 
iiivestigation, was found to be ethylic butanetetracarboxylate, and 
its formation may be represented by the eqGation- 

7 Ha*CH (C OOE t ) z  + 2CHNa(COOEt), = + 2NaBr. yH2Br 
CH& C H29C H (C 0 0 E t ) , 

The fact that this substance is produced in such small quantities 
made its fnrther invest,igation a matter of very great difficulty; 
more recently, however, Professor W. H. Yerkin, jun., has found 
thRt the substitution of ethylenic chloride for the bromide greatly 
ir creases the yield of ethylic butsnetetracarboxylate. The method 

* Part of a thesis accepted for the degrec of Doctor of Science of the University 
cf London. 
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9% LEAN : HOMOLOGUES OF BUTAh'ETETRACARBOXYLIC ACID 

which is now adopted for the  preparation of this substance is 
described in a paper published in this Journal (this vol., 578). 

Ethylic bntanetetracarboxylate, in constitution and properties, is 
very closely allied to the ethereal salts of ethane-, propane-, and 
pen tane-tetracarboxylic acids, all of which have been investigated in 
detail. 

These ethereal salts interact with sodium ethylate, forming 
disodium derivatives, the sodium displacing the hydrogen atoms of 
the two C H  groups, and giving compounds, which, if X denote the 
group COOEt, may be represented thus- 

?"ax2 
CNaX,' 

CH,*CNaX, 
cH,<CB2*CNaX2 

When these sodium derivatives are treated with alkplic halojids 
disubstit ution derivatives are formed of the general formula+- 

CRX, ' CH2<CRX2 ' CHz<CH2*CRX, ' 
FRXz C RX, CHZ.CRX2 

i n  which R represents an alkylic gi-oup, the action taking place 
readily, except in the case of the disodium derivative of etliylic ethane- 
teti-acarboxylate, when it is necessary to  heat  the mixture at 150' 
(Guthzeit and Dressel, Annalew, 256, 181 ; Perkin, Trans., 1891, 59, 
818 ; Baeyer and Perkin, Ber., 17, 449). 

On hydrolysis, these ethereal salts yield the corresponding tetra- 
carboxjlic acids, which lose 2 mols. of carbonic anhydride when 
heated a t  about 200", and are converted into derivatives of succinic, 
glutaric and pimelic acids, of the general formuIa+-- 

YHRY CHRY CHz*C'HRY 
CHRY ' CHZ<(lHky 9 C H ~ < ~ ~ , ~ ~ ~ ~ ~  7 

where Y represents the group COOH, just as ethylic ethane-, 
propane-, and pent ane- tetracarboxjlates, under similar circumstances, 
are converted into succinic, glutaric a n d  pimelic acids respectively. 

It has already been shown by Perkin (loc. cit.) that ethylic butare- 
tetracarboxylate is capable of forming a disodium derivative 
(COOEt),CNa.CH,*CH,*CNa( COOEt),, and that this disodium de- 
rivative is converted by iodine into the ethereal salt of tetrametnjl- 
enetetracarboxylic acid, thus- 

vH2-CNa( COOE t, j , yH,*F(COOE t), i 2Ka1, 
C H,*C Na (C 0 0 E t) -t- I' = CH,-C(COOEt), 

but no further experiments could be instituted a t  that  time with the 
disodinm derivative, owing to the difficulty of obtaining sufficient 
of the ethereal salt. When, however. the method of preparation had 
been so improved as to make it possible to continue, in a satisfactory 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
94

. D
ow

nl
oa

de
d 

by
 D

re
xe

l U
ni

ve
rs

ity
 o

n 
26

/1
0/

20
14

 1
6:

45
:2

6.
 

View Article Online

http://dx.doi.org/10.1039/ct8946500995


AND OF ADIPIC ACID. 997 

manner, t he  investigation of the substance, i t  was thought tha t  
interesting results would be obtained by studying bhe action of 
alkylic haloids on the  disodium derivative. 

In carrying out this investigation, it was found that the  disodium 
derivative of ethylic butanetetracarboxylate is readily act,ed on by 
alkylic iodides or chlorides, forming am-dialkyl-substituted butane- 
t etracarboxjlic acid derivatives, thus- 

7 H?*CNa ( C 0 OE t)z + 2RI = yHZ*CR(COOEt), + 2NaI. 
C H2*C Xa (C 0 0 E t ) a CH2*CR (C 0 OE t).: 

The  action takes place as soon as the substances are brought 
together, generally with considerable development of heat. 

On the other hand, it has not been found possible to prepare mon- 
alkylic derivatives of butnrietetracarboxylic acid by the action on 
ethylic butanetetracarboxylate of 1 mol. of sodium ethylate and 1 rnol. 
of an  alkylic haloid. On attempting to prepare ethylic monethyl- 
butanetetracarboxylate in  this way, the product was found to consist 
of ethylic diethylbutanetetracarboxylate, one half of the ethylic 
Imtanetetracarboxylate being recovered as such. In explanation of 
this remarkable actioii, one must either suppose tha t  ethy lic butane- 
tetracarboxylate is incapable of forming a monosodium derivative 
under such conditions, or  that the decomposition of the  monosodium 
derivative takes place thus- 

? H,*CE t (C 00 E i.)z + ELI = + NaI. 
CH,* CH( COOE t)z 

(1 .) 7 H,*CNa (C OOE t ) 2 

CH,*CH (COOE t)  2 

(2.j ~H, .CEt(COOEt)z  CH,.CNa(COOEt), - 
CH,*CH(COOEt)? 4- bHz*CH(C0OEt),  - 

$: H2.C F: t ( C 0 0 Et) z C H,* C H ( C 0 0 E t) , 
CH,.CNa(COOEt)z + bH,*CH(COOEt), 

C H2*CE t (C 0 OE t j, + E t I  = I + NaI. 
(3.) YH,*CE t (COOE t) 

CH,*CNa( CO OE t) CHz*CE t (  COOEt), 
Similarly, ethylic propanetetracarboxylate (Gutbzeit 2nd Dressel, 

AnnaZen, 256, 180, IS&), and ethjl ic pentanetetracarboxylate (Perkin, 
Trans., 1891, 59, 847), when treated with 1 mol. of sodium ethylate 
and an alkylic halo'id, yield, instead of a nionalkylic derivative, a 
mixture of the dialkylic derivative with unchanged ethereal salt. 

I n  the  course of this inrest;gation, a detailed study has been made 
of the dimethyl, diethyl, dicetyl, and dibenzyl derivatives of ethylic 
butanetetracarboxylate. They are all solids, and crystallise with 
considerable facility. 

On hydrolysis, these ethereal salts yield the corresponding qnadri- 
carboxylic acids, which possess some very remarkable properties ; 
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998 LEAX : HOMOLOGUES OF BUTASETETRACARBOSTLX ACID 

0 xalic . 

for, although they contain four carhoxyl groups, they do not in ail 
m s e s  behave as quadribasic acids. When their basicity is determined 
by titration with standard solution of potassium hydrate, some o f  
them act as bibasic acids; notably is this the case with dibenxyl- 
butanetetracarboxylic acid, the result being the same whether phenol- 
phthnlejin or litmus is med as the indicstor. In tllis connection, it is 
to  be nofed that the silver and calcium salts of dibei17ylbntanetetra- 
carboxylic acid, which mere obtained, were found to have the fo rmuh  
C,,H,08Ag? and C,,H,,,O,Ca + 2H,O respectively. On the other 
hand, dimethyl-, diethyl-, and dicetyl-butanetetracarboxylic acids, on 
being titrated with potassiiirn hydrate, give different results, accord- 
ing as phenolphthaleh or litmus i s  employed a s  indicator. They 
behave a s  quadribasic acids when phenolphthaleh is used. I f ,  how- 
ever, one or two drops of litmus solution be added to the solution 
of these acids in potassium hydroxide, which has been rendered neutral 
to phenolphthalejin bF hydrochloric acid, a distinctly blue coloration 
is produced. On adding more hydrorhloric acid, the blue coloration 
chanqes gradually to red, and the solution appears to  become neutral 
t o  litmus only when sufficient hydrochloric acid is added to  neutralise 
one half of the potassium hydroxide, which was equivalent, as shown 
by phenolphthaleh, to the tetracarboxylic acid present. While the 
salts of dimethyl- and diethyl-butanetetracarboxylic acid were quadri- 
basic, those prepared in the same way from dicetylbutanetetra- 
carboxylic acid, like those of dibenzglbutanetetracarboxylic acid, 
were,found to be bibasic." 

Acetic. Tartaric. Citric. 

* As regards the action of indicators. it has been shown that the quadribasic potas- 
sium salts of dimethyl-, diethyl. , and dicetyl-butanetetracarboxylic acid are neutral to 
phenolphthrtle'in but alhaline to litmus, and that, on titrating these acids, when using 
litmus as the indicator, the points of neutralisation are found to be very indefinite. 
Dibenzplbtitanetetracarboxylic acid, on the other hand. acts as D bibasic acid, both 
towards litmus and phenolphthaleyn. To illustrate further the difference in 
behaviour of indicators, reference may be made to a systeniatic investigation of the 
use of litmus, methvl-orange, and phenolphthaleyn as indicators, which was carried 
out by Smith in 1883 (Chem. Xelc's, 1883, 47, 136). The following table is com- 
piled from his results. 

- I-- I-----+--- I -- 
Methyl-orange.. low results very low resulta'very low results'verp low results 
Litmus . . . . . . . .I sharp I indefinite 1 indefinite 
Phenolphthalei'n sharp sharp sharp sharp 

indefinite 

Engel (Compt. rend., 1886, 102, ZSZ), too, has shown that when a solution of 
phosphoric acid is tritrated, i t  appears to be monohasic if methyl-oranEe is used ;i5 

the indicator, but bibasic with phenolphthaleh, and tritasio with Poirier's soluble 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
94

. D
ow

nl
oa

de
d 

by
 D

re
xe

l U
ni

ve
rs

ity
 o

n 
26

/1
0/

20
14

 1
6:

45
:2

6.
 

View Article Online

http://dx.doi.org/10.1039/ct8946500995


ASD OF SDIPIC ACID. 999 

When heahd at 30-210", the disubstituted biztanetet ramrboxvlic 
acids readily lose 2 mols. of carbonic anhydride, yielding disnb- 
stituted &pic acids. 

The study of these disnbstituted adipio acids is especially interest- 
in4 in view of the recenf work of Bischoff, Auwers and Victor Meyer, 
Zelinsky, Perkin, and others, on the isomerism of aa-disnbstituted 
acids in the succinic, glutaric, and pimelic series. 

The svmmetrical disnbstitn ted succinic acids (Leuchart, Bw.. 18, 
2348 ; Zelinsky, Ber., 21, 3170 ; Bischoff and Voit, Ber., 20, 2988 ; 
Hell and Rothberg, Rer., 22,  66; Bischoff and Voit, Ber., 22, 389 : 
Bischoff and Hjelt, Ber., 21, 2089, 2097, 2102; Bischoff, Ber., 20, 
2968 ; Hjelt, Rep., 20,3078 ; Bischoff and Mintz, Rer., 23, 650: Bnit- 
chichin and Zelinsky, Abstr., 1889,377 ; 1890, 740) are found to exist 
in two well marked isomeric forms ; for instance, two dimethylsuccinic 
acids are known, melting at, 123-124" and 192", and two diethvlsnc- 
cinic acids, melting at  129" and 192". The isomerism of the disub- 
stituted glutaric acids is, apparently. not, so pronounced as that of the 
disubstituted succinic acids ; of the dialkpl-glutaric acids (Zelinsky, 
Ber., 22, 2883 ; Bischoff, Ber., 23, 1465 ; Bischoff and Mintz, Ber., 
23, 649 ; Auwers and Kobner, Ber., 24, 1933 ; Guthzeit and Dressel, 
Anaden, 258, 171), the diniethyl derivatives alone have been wpa- 
rated into two distinct modifications, melting at  102-104" and 1.28" 
respectively. A number of disuhstituted pimelic acids (Perkin and 
Prentice, Trams., 1891, 59, 818) have been prepared, but in no crrse 
could a separation into two isomeridas be satisfactorilg accomplished ; 
i t  was, however, frequently noticed that the melting-points of the 
acids were'not so sharp as could be desired, and there is reason to 
believe that these acids also occnr in two isomeric forms, which are 
so similar in properties that, separation is a matter of great difficulty. 

Considerable interest-, therefore, attaches to the question of isomerism 
in the disubstitnted adipic acids, as these are intermediate between 
the glntaric and pimelic acids. It, has been found in the course of 
the present research that these disubstituted adipic acids invariably 
exist in two modifications, which usually differ from one another in a 

blue. He  also showed that boric acid is neutral to methyl-orange, feebly acid to 
litmus or phenolphthalern, ond acid to soluble blue. From these instances, it 
appears that litmus is liable to give lower results than phenolphthalern, and in the 
case of litmus the final colour change is usually very indefinite. 

It also is evident that any knowledge of the basicity of an acid obtained by 
titration isonlv relative to the nature of the indicator employed, and, further, when 
a polybasic acid has been only partially neutralised, its acid function may be 
enfeebled altogether out of proportion to the amount of base which has been added 
to it. This raises the wider question of the basicity of polybnsic acids, and of 
their affinity as B function of the affinities of the gmups wh;cli they contain. 
(See '' Note on the Affinities of Polybasic Acids," this vol., p. 1024.) 
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1000 LEAK : HOMOLOGUES OF BUTANETETRACARBOXPLIC ACID 

very marked manner in melting-point, solubility, and other physical 
pro pert ies. 

F o r  instance, the dimethyladipic acids melt at 7C-72" rrnd 
142", the diethyl a t  51-5:3" aild 136", the dihenzyl at 152" 
and 211-213". It is remarkable that the isomerism of tbese 
disubstituted acids is as pronounced in the adipic series as in  the mc- 
cinic, whilst iu the intermediate glutaric series i t  is much less noticeable 
Of these derivatives of adipic acid, the dimethJl alone have pre- 
viously been obtained (Zelinsky, Ber., 24, 3997), thi-oueh the 
hydrolysis of ethylic die-anodimethyladipate with sulphuric acid, 3s 
represented by the equation- 

y ( p 3  YH3 7 H3 
CK*Y*CH2*CHZ*Y*CX + 6HzO = HY.CH,*CHz*FH + 2EtOH 

CUOEt COOEt COOH COOH 
+ 2NH, + 2C0,. 

It is a well-known fact that  whilst oxalic acid, o r  malonic acid and 
its alkylic derivatives, do not form internal arrhTdrides, the formation 
of an  anhydride OCCUI-S readily in the case of succinic acid, and i t  is 
exceedingly interesting that the introduction of alkylic groups much 
increases the tendency to form anhydrides (Bischoff and Mintz, Bey., 
23,620 and 656 ; Suwers and Jackson, B e r . ,  23, 1614) ; for instance, 
dimothylsuccinic acid yields an anhydride much more readily 
than succinic acid, and again anhjdride formation takes place 
more readily in the alkylic derivatives of glutaric acid than in the 
case of the acid itself. Now adipic acid does not form an anhydride, 
but the introduction of methyl or other groups appears to increase 
the tendency to form an anhydride, and Manasse and Rape (Bey . ,  
27, 1818 ; 1894) hare vcry reccntly succeeded in obtaining the 
anhydride of P-methjladipic acid ; i t  is noteworthy that it is 
w r y  unstable, and reverts to the acid on long exposure to 
the air. The disnbstituted adipic acids, described in the following 
pages, when heated with acetyl chloride in sealed tubes, in no case 
gave an anhydride ; in  view, however, of the work of Manasse and 
Rupe (7oc. tit .),  i t  is possible that, sufficient precautions were not taken 
to  prevent the access of moisture from the air during the working up  
of the product ; further experiments are in progress to decide this 
point. 

Whilst, however, no anhydride mas formed on heating the disubsti- 
tuted adipic acids in  sealed tubes with acetyl chloride, it was found 
that, whether the higher-melting or lower-melting modification was 
employed, a partial couversion of the one into the other was effected, 
the product cousisting of a mixture of the two. SimilarlF, 
n-hen the symmetrical disubstitnted succinic acids (Bischoj'f and 
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AND OF ADIPIC ACID. 1001 

Mintz, Ber., 23, 656) are heated in sealed tubes a t  200", in each case 
a mixture of the two modifications of the acid is formed. A similar 
conversion can be effected in the case of the dimethylglutaric acids 
(Zelinsky and Besredka, Ber., 24, 465 ; Auwers and Kobner, Bm., 
24, 1933). 

It remains to refer to the theories which ha-re been advanced to 
account for the two modifications of these symmetrical az-disnbsti- 
tuted dicarboxylic acids. From the close analogy between the COZI- 

stitntioii of a symmetrical az-dialkylsuccinic acid and that of a 
tartaric acid, each containing a pair of asymmetric carbon atoms, 
according to  one view (Bischoff and Walden, Ber., 22, lS19), it has 
been held that any t wo isomeric symmetrical disubstituted succinic 
acids correspond to  the two inactive taytaric acids, the one being 
inactive through intramolecular compensation of right- and left- 
handed groups, whilst the other consists of a mixture of equal 
quantities of the active right- and left-handed acids. I f  this is so, it 
should be pGssible to resolve one or other of the two substituted 
succinic acids into tm-o wtire constituents. The chief objection which 
this theory bas t o  meet is that hitherto in no case has this resolution 
into active forms been accomplished, although repeated attempts 
have been made in the case of the substituted succinic acids (Bischoff 
and Walden, Zoc. cif.). 

As a result of this failure, a theory has been ~ i d e l y  entertained of 
late, which draws an analogy between the saturated molecules of two 
isomeric symmetrical disubstituted succinic acids and the unsatui-ated 
moiecules of fumaric and mde'ic acids. According to this view, it is 
held that whilst, in general, a singly-bound atom or group can freely 
rotate, yet, under some circumstances, certain saturated molecules 
can be fixed in different phases. Thus, it is held that the disubsti- 

may exist in  two so-called stereo- 
CHR*COOH 
CHR8*COOH tuted succiiiic acids I 

chemical isomerides, of which the acid of lower-melting point usually 
gives an anhydride, and is therefoise called the maleino'id or cis 
modification, whilst the acid of higher-melting point is incapable of 
forming an anhydride, and is named, on that account, the fumaroid 
or trans-modification. These two modificatrions may be represented 
thus. 

? I3 
R+COOH R e  F-COOH 
R-7 C O O H  COOH-7 .Lt 

H H 
Xaleinoyd or cis. Fumaroi'd or trans. 

The isomerism in question, therefore, according to this view, 
VOL. T4XV. 4 B  
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1002 LEAN : HOMOLOGUES OF BUTANETETRACARBOXYLIC ACID 

depends on the fixation of carbon atoms united by single bonds, 
and the acceptance of this view involves the removal of one of the 
f andamental ideas of van't Hoff s theory. 

A third theory-known as the theory of dynamicnl isomerism-has 
been advanced by Bischoff (Ber., 23, 624)) but as the compounds 
which led him to adopt i t  have since been found not to exist 
(Auwers and Jackson, Be,.., 23, 1606), it has not met with general 
acceptance. 

It only remains to add, before proceeding to  describe these 
derivatives in  detail, that no attempt has yet been made t o  resolre 
any of the diallqladipic acids iiito active forms. 

FH2*CH(COOH)? 
Bictcr n e  f et  1-u ca ~.toxyl  ic acid, c H?.C H ( c o OH) ?' 

As i t  appeared interesting to endeavour to obtain this acid for 
comparison with the other tetracarboq-lic acids described in this 
paper, pure ethylic butanetetracarboxylate (1 mol.) was hydrolysed 
by boiling it for six hours with a solution of barium hydroxide 
(8 mols.), and the crystalline precipitate of the barium salt collected 
upon a filter, washed with water, and decomposed with sulphurio 
acid. After the slight excess of sulphuric acid had been carefully 
precipitated Kith barium hydroxide, the clear aqueous solution of the 
carboxylic acid was evaporated first on the water-bath, and then o-rer 
sulphuric acid ; in two daj-s, it had crystallised in part in a mass of 
prismatic needles. These >>-ere separated from the mo ther-liquor, 
spread on a porous tile, and after drying further over sulphuric 
acid, were found to melt gradually between 140" and 160". 

0-1618 gave 0.2520 C02,  and 0.0722 H,O ; C = 48.47 ; H = 4-88. 
CBHl,,OR requires C: == 41.03 ; H = 4.27 per cent. 
CiH,,06 ,, C = 44.21; Ii = 5.26 I ,  

As the analysis appeared to indicate that a mixture of the tetra- 
carboxplic and tricarboxylic acids had been formed, an attempt was 
made to isolate the tetracarboxylic acid from the mother liquor re- 
ferred to above. The aqueous solution mas evaporated further notil 
a second crop of crystals had been deposited; the small quantity of 
mother liquor still remaining was poured off from this, and erapor- 
ated over sulphuric acid until i t  had completely solidified tc a porce- 
lain-like mass; this product was fontid to melt gradually, and 
erolved carbonic anhydride between 115' and 148" ; at the latter 
temperature adipic acid melts, being formed from the carboxylic acids 
by elimination of carbonic anhydride 
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0.1567 gave 02471 C02, and 0.0734 H,O ; C = 43 000; H = 5.20 
per ceut. 

A silver salt was prepared by pouring a neutral solution of the am- 
monium salt into a large excess of silver nitrate solution and shaking 
well ; the white precipitate was collected on a filter, well mashed, and 
dried first on a porous tile, and then over sulphuric acid. 

0.3022 gave 0.1921 silver ; Ag = 63-06. 
0.1074 ,, 0.0953 CO, and 0.0211 H,O ; C = 15.15 ; H = 1-36. 

C,H608Ag4 requires Ag = 65.23 ; C = 14.50 ; H = 0.91. 
C,H,O,Ag, ,, Ag = 63.40; C = 16.44; H = 1.36. 

It appears, therefore, that the butanetetracarboxylic acid, obtained 
by the hydrolysis of its ethylic salt wit'h excess of barium hydroxide, is 
somewhat unstable, and tends t o  part with one molecule of carbonic 
anhydride, with formation of butanet,ricarboxylic acid. This 
instability of bntanetetracarboxplic acid is in accordance with the 
character of its homologues. Conrad and Eischoff (Annalen., 214, 
71) have shown that ethanetet'racarboxylic acid on hydrolysis with 
potassium hydroxide gives ethanetricarboxylic acid ; Buchner (Ber., 
25, 1157), however, found that the stability of the acid depends 
much on the concentration of the alkali, and if dilute sodium 
hydroxide be used, ethanetetracarboxylic acid may be isolated. 
Propanetetracarboxylic acid has been obtained by Kieber (Annalen, 
246, 107), who found that on slightly warming the aqueous solut.ion 
of the acid, i t  is decomposed with evolution of carbonic anhydride. 
The hydrolysis of ethylic butanetetracarboxylate with alcoholic potash 
'has been carried out by Perkin (Trans., 1887, 51, 19), and there 
was evidence of a partial conversion of the tetracarboxylic acid into 
the tricarboxxlic acid ; Perkin and Prentice (Trans., 1891, 59, 824), 
when hydrolping ethyiic pentanetetracarboxylate with alcoholic 
potash, obtained a similar result. 

This mixture of butanetetracarboxylic acid and butanetricarboxglic 
acid is extremely soluble in water, giving a solution of intensely acid 
character. It is also very readily soluble in ether, and i n  methylic 
or ethylic alcohol, b u t  insoluble in benzene, toluene, or light 
petroleum. 

A neutral solution of the amrnoninm salts gives but a slight precipi- 
tate in the cold with barium chloride: on boiling, however, a 
copious white crptalline precipitate of the monobarium salts is 
thrown down. Calcium chloride gives no precipitate in  the cold, 
but the calcium salts are precipitated on boiling, and dissolve again 
partially on cooling. Ferric chloride and copper acetate give no 
yrecipitats. 
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1004 LEAN : HONOLOGUES OF BUTASETETRACARBOSYLIC ACID 

yH2.CNe (COOE t)2 
CH,*CJle(COOEtj,' 

A, Ethylic Dimetl~ylbzcta.lzetetracarbo~ylate, 

The quantities used in the preparation of this substance were- 
Ethylic butanetetracarbosylate . . . . . . 
Sodium dissolved in 60 C.C. alcohol.. . . 4.6 ,, 
Methylic iodide . . . . . . . . . . . . . . . . . . . . ,, 

35.0 grams 

28.4 
The etbylic butanetetracarboxylate wits dissolved in the sodium 

ethoxide, and the methylic iodide added slowly, since much heat is 
developed ; it was then heated on the water-bath, using a reflux con- 
denser, for  about two hours, until it no longer gave an alkaline 
reaction. Water was then added, the product evaporated, extracted 
with ether, and the ethereal solution dried with calcium chloride. 
On distilling off the ether, and allowing the resiliual oil to stand 
some days, ethylic dimethylbutanetetracarboxylate crystallised out in 
beautiful prisms. It was collected on a filter, and washed with a 
little ether. For analysis, a portion was dried at loo", and allowed 
t o  solidify. 

C = 5'7.75 ; H = 8.04. 0.1553 gave 0.3290 GO, and 0.1184 H?O. 
C,8H,0s requires C = 57-75 ; H = 8-02 per cent. 

The mother liquors from this substance, on standing, deposited a 
less pure product, which was used in the subsequent preparation of 
the dimethyladipic acids. 

Ethylic dimethylbutanetetracarboxylate crystallises in beautiful, 
thick, four-sided prisms, melts a t  54", and is readily soluble in ether, 
methylic and ethylic alcohols, benzene, and toluene. It dissolves 
Peadily in m-arm light petroleum, and crystallises out again on 
cooling. 

Dirneih y 1 b 21 tanetet racaihxtJl ic acid, yH2*CMe(COOH)2 
CH,*CBIe (C OOH),' 

Ethylic dimethylbutanetefracarboxylate is not readily hydrolpsed 
by barium hydroxide ; iii order to prepare the acid, the pure ethereal 
salt (1 mol.) was digested for three hours with an excess of a solution 
of pure potassium hydroxide (6 niols.) in methylic alcohol, in a flask 
connected with a reflux condenser. The product was evaporated 
nearly to dryness, mixed with w-ater, the solution again evaporated to 
a small bulk to remove the last traces of alcohol, acidified with hydro- 
chloric acid, and extracted four times with pure ether. On distilling 
off the ether, the dimethylbutanetetracarboxylic acid was left as a 
yellowish crystalline mass; this was purified by dissolTing it in a 
little water, and allowing the solution to eraporate slowly over 
sulphuric acid in a vacuum, when the pure acid gradually crystallised 
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AND OF ADIPIC ACID. 1005 

out as a mass of minut'e white needles. These were collected; dried 
on ill porous tile, and over sulphuric acid in a vacuum, and analysed 
with the following result. 

0.1014 gave 0.1698 CO, and 0.0528 HzO ; C = 45.67 ; H = 5-78. 
C,,H,,O, requires C = 45.SO; H = 5-35 per cent. 

Dimethylbutanetetracarboq-lic acid is deposited as a felted mass 
of minute needles on slowly evaporating its concentrated aqueous 
solution. It decomposes at 200" with evolution of carbonic an- 
hydride, is readily soluble in ether and in methylic or ethylic 
alcohol, bnt insoluble in benzene, toluene, and light petroleum, 

The basicity of the acid was determined by titration with deci- 
normal solutions of potassium hydroxide and hydrochloric acid. 

0.1763 gram of substance required 0.1480 gram of KOH for neutra- 
lisation, phenolphthaleyn being used as the indicator : the final colour 
change was sharp. Aquadribasic acid of the formula CGH,,(C0OH), re- 
quires 0.1.507 gram of KOHtoform a salt of thef~rrnulaC,H~,(COOK)~. 
On adding one or two drops of litmus solution to the solution of the 
quadribasic salt, which was neutral as indicated by phenolphthaleyn, 
there was n very distinct blue coloration, which only gradually 
became red on running in hydrochloric acid. It appears, therefore, 
that dimethylbutanetetracarboxylic acid forms quadribasic salts, which 
are neutral to phenolphthaleln, but alkaline to litmus. 

Silver Sa7t, C,oH,oO,Agl.-The acid was dissolved in dilute 
ammonia, and the solution placed oTer snlphuric acid in a vacuum. 
As soon as it was only slight])- alkaline to litmus i t  was poured into 
a large excess of silver nitrate solution in a flask, and the mixture 
well shaken. The white precipitate was coIlected on a filter, well 
washed with wItter, and dried on a porous tile and over snlphuric 
acid in a vacuum. 

Analysis proved the salt to be quadribasic. 

0-1048 gave 0.0650 Ag ; Ag = 62.02. 
CloH,008Ag4 requires Ag = 62.60 per cent. 

If a solution of calcium chloride is added to a cold neutral solution 
of the ammonium salt no precipitate is formed, but on heating a 
crystalline precipitate of the calcizcm salt is thrown down. 

~H,*CHXe.COOH 
CH2*CH31e.COOH' 

Dime f 11 y lad iu ic n c ids, 

When heated with sulphuric acid, ethylic dimethylbutanetetra- 
carboxylate is readily hydrolysed, but at the same time it loses '2 mols. 
of carbonic anhydride and yields a mixture of dimethyladipic acids. 
The ethereal salt was therefore heated on a sand-bath in a reflux 
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1006 LEAN : HOMOLOGUES OF RGTAKETETRXCARBOSYLIC ACID 

apparatus with equal parts of salphuric acid and water for about 
three hours. On allowing the mixture ta cool, a considerable quantity 
of dimethyladipic acid crystallised out. 

Isolation of the modijicatim. of higher-melting poid.--l'he acid which 
had crystallised on cooling was washed with a little water, dis- 
solved in a solution of sodium carbonate, boiled wi th  animal charcoal, 
and filtered; the filtrate was then acidified with hydrochloric acid, 
and the dimethyladipic acid which separated, collected on a filter. 
mashed with a little water, and recrystallised from water. This acid 
melted at  130--135O, and 8:s i t  was found to be only sparingly 
soluble in boiling benzene, it, was digested two or three times with 
small quantities of boiling benzene, and the benzene solution in each 
case poured off as completely as possible. The acid which still 
remained undissolved was recrystallised from water, and dried a t  
100". It was then found t o  melt sharply at  142". 

Analysis showed it  to consist of pure dimethyladipic acid. 

0.1504 gave 0.1129 H,O and 0-30.53 CO, ; C = 55.36 ; H = 8-34. 
C,Hl,Oa requires C = 55.18 ; H = 8.04 per cent. 

This acid has already been prepayed by Zelinsky (Bey.,  24, 3997), 
by the hydrolysis of ethylic dicyanodimethylndipate. 

Isolatiou of the modificafiosL of lower-nzeltiiLg point.-The hot benzene 
solutions obtained in the isolation of the modification of dime thyl- 
adipic acid d higher-melting point, on cooling, deposited crystals which 
consisted chiefly of this modificat)ion. When these were removed, 
and the benzene evaporated on the water-bath, a yellowish, viscid 
oil was obtained, which crystallised completely on cooling, and melted 
at 80-90". It was digested with a small quantity of cold benzene, 
the solution filtered from undissolved matter, and the benzene 
evaporated ; the crystalline residue, on being again submitted twice 
to the aaine treatment, left a nearly colourless crystalline mass 
which melted at 70-72", arid was found by analysis to consist of 
pure dimethyladipic acid. 

0.1383 gave 0.2805 COz and 0.1028 H,O ; C = 55.31 ; H = 8.26. 
C,H,,04 requires C = 55.18; H = 8.04 per cent. 

Zeliosky ( Zoc. cit.), who separated the two isomeric dimethyl- 
adipic acids by recrystallisation from water, gives the melting-point 
of this dimethyladipic acid as 74-76'.* 

* Since the print,ing of the thesis, Zitzing (Ber., 27, 1578 ; 1894) has described 
the preparation of ethylic diinethylbutanehetracarboxylate by the action of etbylenic 
dibromide on the monosodium derivative of ethjlic meth~lmalonate, and he has pre- 
pared froin it climethylbutanetetmcarboxylic acid and two diinethjladipic acids. 
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A S D  OF ADIPIC ACID. 1007 

yH2*CE t ( C 0 OE t).- 
CH,-CEt( COOEtj2' 

B. Ethylic Diethylbutnuetetracnrboxylate, 

The following quantities xere employed in the preparation of this 
substance : 

Ethylic butanetetracarboxylate.. . . . . 
Sodium dissolved in 120 C.C. alcohol . 9.2 ,, 
Ethylic iodide.. . . . . . . . . . . . . . . . . . . ,, 

70.0 grams 

70.0 

The ethylic butanetetracarboxylate was dissolved in. the sodium 
ethoxide, and the ethylic iodide added cautiously with constant 
cooling, as much beat is evolved; the mixture was then heated for 
two hours on the water-bath, using a reflux condenser, and to ensure 
the completion of the action a little more ethylic iodide was added, 
and the digestion continued for t w o  hours longer. 

The product, mixed with water and evaporated to remove alcohol, 
gave a beautifully crystalline cake on cooling; this was separated 
from the mother liquor, dissolved in ether, and the ethereal solution, 
after being well washed with water, was dried with calcium chloride. 
On slowly evaporating the ethereal solution, the ethylic diethyl- 
butanetetracarboxylate separated in fine silky needles. 

For analysis, the ethereal salt was recrystallised from ether, heated 
in n steam-oven to fusion, and allowed to solidify. 

0.1307 gave 0.2865 CO, and 0.1030 H20 ; C = 59-78 ; H = 8.76. 
C,,,H,O, requires C = 59. iO ; H = 8.45 per cent. 

Ethylic diethylbutanetetracarbosylate crystallises from ether in fine 
silky needles, which melt a t  about 93-94". It is readily soluble in 
hot methylic or ethylic alcohol, and cq-stallises out, on cooling, in 
fine needles. i t  is also readily soluble in cold benzene and toluene, 
and crjstallises well from hot light petroleum. 

H?*CE t (C 0 OH) 3 
niethylb2ctanetet.l.ncclrbowyli6 ncid, 

CH,.CEt(COOH),' 

Diethylbutanetetracarboxylic acid was obtained by the hydrolysis 
of its ethereal salt with barium hydroxide. As this takes place witk 
some difliculty, the ethylic salt v-as heated with twice the theoretical 
amount of barium hydroxide, for two days on the sand-bath, using a 
reflux condenser ; dwing the action, a strong menthol-like odour was 
observed. When the hydrolysis was complete, the heavy crystalline 
precipitate of barium diet h j-lbutanete t racarbox ylate was collected, 
and, after being washed with a little water, was ground up, suspended 
in water, and boiled for two hours with a slight excess of snlphuric 
acid so as to set free the diethylbutanetetracarboxylic acid. The 
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1008 LEAK : HOMOLOOUES OF BUTANETETRACARBOSPLIC ACID 

excess of snlphnric acid was exactly precipitated with barium hydl=- 
oxide, and the aqueous solution evaporated to a small bulk on the 
water-bath ; as the concentration proceeded, the acid crystallised in 
beautiful slender needles ; these were collected on a filter, n-ashecl 
with a little water, and spread on a porous plate. On determining 
their melting-point, the acid frothed up in the capillary tube, and 
decomposed at 207-209". After recrystallisation from water, the 
decomposing-point mas unchanged. For analysis, the crystals were 
dried at  looo. 

0.1442 gave 0.2619 CO, and 0*0850 H,O ; C = 49.53 ; H = 6.34. 
C12Hl,0e requires C = 49.66; H = 6-20. 

It is remarkable that dieth ylbntanetetracarboxylic acid is only 
sparingl-j- soluble in ti-ater, whei-eas the corresponding dimethyl- 
butanetetracarboxylic acid is so very readily soluble. It crystallises 
from its hot aqueous solution in needles, which decompose at  
207-209", with evolution of carbonic anhydride ; it is soluble in ether, 
benzene, toluene, and light petroIeum, and readily in methylic o r  
ethylic alcohol. 

The basicity of the acid was determined by titrakion with deci- 
normal solutions of potassium hydroxide aiid hydrochloric acid. 

0-2139 gram of acid required 0.0850 gram of KOH for neutralisa- 
tion, using litmus ; litmus proved, however, a very unsatisfactory 
indicator, as, after dissolving the acid in excess of alkali, on titrating 
back with hydrochloric acid, the blue t in t  changed only gradually 
to red. An acid of the formula C,€€l,(COOH)i would require 0.0826 
gram of ROH to form the bibasic salt, C,H,4(COOH>,(COOK),. 

A determination was also made in which phenolphthalein was used 
as the indicator. 

0.2114 gram of acid required 0.1656 gram of KOH for  neutralisa- 
tion. An acid of the formula C8H14(COOH),, would require 0.1632 
gram of KOH to form the quadribasic salt, C8H,4(COOK),. The solu- 
tion of the acid in potassium hydroxide, after it had been neutralised 
with hydrochloric acid a s  shown by phenolphthale'in, \\-as colourecl 
distinct1~- blue on the addition of one or two drops of litmus solution. 

It appears, therefore, that diethylbutanetetracarboxylic acid, l ike 
dimethylbutanetetracarboxylic acid, forms yuadribasic salts, which 
are neutral to phenolphthaleh, but alkaline to litmus, the bibasic 
salt being neutral t o  litmus. 

SiZcer saZt, C,,H,,O,Ag,.-This was prepared exactly in the manner 
described on p. 1005, but i t  was found impossible to analyse it by 
ignition in a combustion furnace OF in a crucible, as it decomposes 
with a rapidity which is almost explosire. The silver was therefore 
estimated as silrer chloride. Analysis proved the salt to be quadri- 
basic. 
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AND OF ADIPIC ACID. 1009 

0.1180 gave 0.0935 AgCl ; Ag = 59.57. 
C,,H1608Ag2 requires Ag = 42-86 per cent. 
Cl,H1408Ag4 ,, Ag = 60.17 per cent. 

The silver salt decorYposes slowly on exposure to light. 
Calcium salt, ClZHl4O8Ca2 + 5H,O (?).--If calcium chloride is 

added to a cold neutral solution of ammonium diethylbutanetetra- 
carboxylate there is no precipitate, but, on boiling, a white micro- 
crystalline precipitate of the calcium salt is at once thrown down ; 
this was collected on a filter, and dried on a porous plate. For 
analysis, the salt was dried by exposure to the air for four days. 

As the quantity available for analysis w-a s veyy small, it was impos- 
sible to determine the water of crystallisation accurately. An estima- 
tion of the calcium proved the salt to be tetrabasic, and indicated 
that it probably contains 5 mols. of water of crystallisation. Heated 
at l50", the calcium salt lost more than 15 per cent. in weight, 
through the elimination of a portion of its water of crystallisation. 
It did not decompose when heated to 160". 

0.1083 gave 0.0630 CaSOl ; Ca = 17.11. 
CV2HI6O8Ca requires Ca = 12.19. 
C12H1408Ca, + 5 H,O requires Ca = 17-54 ; H,O = 19.53 per cent. 

$lH,.CHEt*COOH 
C H,. C HE t - C 0 0 H ' Diet 7) yladipic acids, 

In order to prepare these acids, the pure diethylbutanetetracarb- 
oxylic acid was heated in an oil-bath at 210" until the evolution of 
carbonic anhydride had completely ceased. On cooling, the product 
solidified to a brownish crystalline cake. 

Isolation of the modijicatioiz oj* h i g h e r - m e l t i q  poiiit.-This brownish, 
product was digested with boiling water, filtered while hot, and 
allowed to cool, when R considerable quantity of diethplndipic acid 
crystallised out in fine white ueedles ; this, when separated from the 
mother-liquor, and dried on a porous plate, was found to melt a t  
122-129" ; after three more crystallisations the crystals melted 
sharply at 136", and the melting-point was not altered by further 
crystallisation. An analjsis proved it to be pure diethyladipic acid. 

0.1503 gave 0.3257 CO, and 0-1178 H,O ; C = 59.10 ; H = 8.70. 
C,oH,80, requires C = 59.40 ; H = 8-92 per cent. 

liolation of the  rnodzlficatioii o.f lower-melting point.-This proved to- 
be a matter of greater difficulty. The aqueous mother-liquors, ob- 
tained in the isolation of the acid melting at 136", were extracted 
three times with ether, and the ethereal solution evaporated; the 
yellowish oils residue after R time deposited a few stellate groups of 
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1010 LEAN : HOJIOLOGUEr> OF BUTANETETRACARBOSYLIC ACID 

crystals, and at  the end of two days the oil had completely solidi- 
fied. A small portion, after dyying on a porous plate, was found to 
melt at 55-103". The solubilities of this crude product, and of the 
pure acid melting at 136", in various solvents, were then carefully 
compared, and it was found that the former was readily soluble in 
cold benzene, whilst the acid melting at 136" was only sparingly 
soluble in boiling benzene. Accordingly, the crude acid melting at  
55-105" was ground up and digested with cold benzene, and the 
solution filtered from a small quantity of undissolved acid, which, 
after drying, melted at  130-132". The benzene solution eraporated 
on the water-bath, yielded a yellowish viscid mass, which crystallised 
when exposed over sulphuric acid in a racuum; i t  melted at  
45-60' after it had been left on a porous plate for a time. The 
product was again digesLed with cold benzene, and the solution 
worked up in the same manner; on ikepeating the process, using little 
more than its own volume of benzene, a crystalline mass was finally 
obtained which melted at  45-46'. As the acid had still a yellowish 
tint, an attempt was made to purify i t  by means of the calcium salt. 
The acid x-as therefore digested with a large volume of lime water, 
and after carbonic anhydride had been passed through the solution, 
the filtrate was concentrated until the greater portion of the calcium 
salt had crystallised, arid only about 2 C.C. of yellowish mother- 
liquor were left. The crystalline salt was collected on a filter, and 
washed with a little cold water. To obtain the pure diethyladipic 
acid, the calcium salt was dissolred in water, decomposed with hydro- 
chloric acid, and extracted with ether; the ethereal solution when 
dried over anhydrous calcium chloride, eraporated, and exposed in a 
vacuum over snlphuric acid, left a colourless oil which gradually 
solidified to a mass of characteristic stellate groups of acicular cry- 
stals melting at  51-53'. For analysis, the acid was heated to 
fusion in a steam-oven, and allowed to solidify. 

0.1218 gave 0.2631 CO, and 0.0987 H,O ; C = 58.91 ; H = 9-00. 
CloH,,O, requires C = 59-40 ; H = 8.92 per cent. 

Properties of t h e  Diethytad+& acid mel f iwg at I3G".-This acid 
crystallises in six-sided prisms of the following form. 
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AND OF ADIPIC ACID. 101 1 

The silver salt, C,,,HI6O4AgZ, was formed by dissolving the acid in 
slight excess of ammonia, and, after removing this excess by eva- 
poration over snlphnric acid, adding excess of silver nitrate solution, 
when the silver salt was thrown down as a voluminous white precipi- 
tate. This was collected on a filter, washed w i t h  water, and dried 
first on a porous plate, and then over sulphuric acid in a vacuum. 

0.1644 gave 0.0848 Ag ; Ag = 51.58. 
C, ,HI6O,A~ requires Xg = 51.92 per cent. 

The caZcium sall, C10H1601Ca 4- 2H20, was also prepared by dissolv- 
i n g  the acid in a large quantity of water, adding excess of calcium 
hydroxide, and boiling the solutioa ; the excess of calcium hydroxide 
was removed by passing carbonic anhydride through the solution, 
which was again boiled, filtered, and evaporated o n  the water-bath ; 
as the concentration proceeded, calcium diethyladipate crystallised 
out in beautiful white prisms. I t  was dried by exposure to the air 
for five days. 

0.3155, on drying rtt 150°, lost 0.0398 H,O; the auhydrous salt 
so obtained gave 0.1613 CaS04; H,O = 12.61 ; Ca = 15.03. 

CloH,,O,Ca + 2H20 requires H20 = 13.04 ; Ca = 14-49 per cent. 
Unfortunately too little of the salt was left to allow of a second 

analysis. The calcium salt is rery sparingly soluble in water. 
Properties of the Dielhyladiyic acid meltiwg about 51--53".-This 

acid crystallises after fusion in large sub-octahedral masses, com- 
posed of interlacing needles, of the following form. 

The formation of the cnl(*izciit salt has already been described. It is 
more soluble in water than the calcium salt of the isomeric acid, 
which melts at 136". 

The silver salt, CloH1604Ag2, mas formed by the double decomposition 
of the aqueous solution of the calcium salt with silver nitrate solution ; 
the precipitate, after being well washed, was dried on a porous plate 
and in a vacuum over sulphuric acid. 
0.2450 gave 0.2535 CO,, 0.0852 HZO, and 0.1276 Ag ; C = 28-22 ; 

CI,,H,,O,Ag2 requires C = 2384 ; H = 3.84 ; Ag = 51.92 per cent. 
H = 3.86; Ag. = 52-07. 
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1012 LEAN : HOMOLOGUES OF BUTAXETETRACARBOSTLIC ACID 

The solubility of the two modifications of adipic acid in various 
solvents may be conveniently recorded in tabular form. 

Solvent. 

Ether . . . . . . . . . . . 
Methylic alcohol.. 
Ethglic alcohol . . . 
Benzene . . . . . . . . . 

Toluene. . . . . . . . . . 

Light petroleum . . 

Water.. .. .. .. .. 

Solubilities of the two diethyladipic acids. 

Diethyladipic acid melting 
a t  136'. 

Readily soluble in the cold. 
Readily soluble in the cold. 
Readily soluble in the cold. 
Very sparingly soluble ; s o h -  

ble in a large qiiantity of 
boiling benzene, and preci- 
pitated in minute needles 
on cooling. 

Sparingly soluble in the cold ; 
reaciil? soluble in hot 
toluene, and partially pre- 
cipitated in crystals on cool- 
ing. 

Insoluble men on boiling. 

Soluble in much cold water; 
crystallises from a little hot 
water on cooling. 

Diethyladipic acid melting 
a t  51-53'. 

Readily soluble in the cold. 
Readily soluble in the cold. 
Readily soluble in the colci. 
Readily soluble in the cold. 

Readilp soluble in the cold- 

Soluble with difficulty om 
boiling, and partiall:- pre- 
cipitated in very minute 
needles on cooling. 

Readily soluble in the cold. 

Attempt fo pi-epare Etliy l i c  SToiiethlllbz~fanetetmcccl-Eo,z.2/late, 

CH2*CE t (C OOE t)z 
7 H2.C H (C 0 OE t ) 2 

In this communication, the preparation of several disubstituted 
derivatives of ethylic butanetetracarboxylate is described, and it 
appeared of interest to ascertain whether monosuhstituted deriva- 
tives would be obtained if the monosodium derivative of this sub- 
stance mere employed. 

The following quantities were tdie11- 

Ethplic butanetetracarboxylate . . . . . . 
Sodium dissolved in 30 C.C. alcohol . . . 
Etbylic iodide. . . . . . . . . . . . . . . . . . . . . 

35.0 grams. 

15.6 
2.3 ,, 

,, 
The etb ylic buta~etetracarboxylate was dissolved in the sodium 

ethoxide, and the ethylic iodide added gradually ; a t  first there was 
little evolution of heat, but, on shaking. the mixture became quite 
hot. It was heated on the water-bath for 2+ hours, using a reflux 
condenser, the  product evaporated on the water-bath, water added, 
and the  evaporation repeated. The residue was then extracted 
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ASD OF -4DIPIC ACID. 101 3 

three times with ether, the ethereal solution washed with water, de- 
hydrated with calcium chloride, and the ether evaporated first on 
t,he water-bath, and finally by exposure in a vacuum. I n  this way, 
about 35 grams of a yellowish oil were obtained, which deposited 
about 10 grams of ci-ystals ; these were separated from the mother- 
liquor by filtration with the pump, and freed from oil by spreading 
upon a porous plate. The product melted a t  92-93', and after 
repeated crystallisation from methylic alcohol the melting point re- 
mained constant at 93-94". On analysis, it proved t o  be ethylic 
&ethylbut anetetracarboxylat e, co~~esponding with i t  in me1 ting-point, 
crystalline form, and every other respect. 

0.1641 gave 0.3601 COe and 0.1246 H,O ; C = 59*84; H = 8-43. 
CI,H,,O, requires C = 57.75 ; H = 8.02. 
C,,H,,O, 7 ,  C = 59.70; €3 = 8.4.5 per cent. 

It is evident, therefore, that the main product of the action was 
the diethyl-, and not the moiiethyl-derivative of ethylic butanetetra- 
carboxylat e. 

To determine the nature of the 25 grams of yellowish oil from which 
-the ethylic diethylbutanetetracarboxylate had crystallised, and which 
should consist, if the above conclusion is correct, of unchanged ethylic 
butanetetracarboxylate, together with a certain amount of its diethyl 
derivative in solution, the oil was hydrolysed with barium hydroxide. 

The 25 grams of oil were boiled with a concentrated solution of 
75 grams of barium hydroxide for two day8 ; a slight excess of sulph- 
uric acid was then added to liberate the organic acids, and the 
filtered solution extracted 20 times with ether. The lasi; 15 extracts 
mere worked up together, and, after evaporating the ether, gave a 
nearly-colourless oil, which crystallised on standing. This product 
was heated at  210" in an oil-bath until the evolution of carbonic 
anhydride had ceased, and the residual dark-coloared oil, which 
solidified on cooling, after being spread on a porous plate, was dis- 
solved in a little hot water, and allowed to evaporate slowly over 
sulphuric acid ; the colourless crystalhe deposit lvhich formed W&S 

collected, and dried over sulphuric acid. It melted at  148", and 
consisted of pure adipic acid, as is shown by the following analysis. 

0*1&1 gave 0.2613 GO, and 0.0901 H,O ; C = 49.45 ; H = 6.94. 

It appears, therefore, that, under the conditions employed, ethylic 
monethylbutanetetracarboxylate is not formed, the interaction, on the 
contrary, giving rise to e thplic diethylbutanctetracarboxylate, one 
half of the ethylic butanetetracarboxylate remaining unchanged. 

C,H,,-,O, requires C = 49.31 ; H = 6.86 per cent. 
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1014 LEAN : HOMOLOGUES OF BUTANETETRACARBOSTLIC' ACID 

CH2.C (CicH,) (C OOE t )z  

CH*2C (C,,H,) (COOE t )z '  
C. Ethylic D~cetytbutanetetracarbc,x?lEate, I 

The following quantities were used in the preparation of t h i s  
sn bstance , 

Ethylic butaiietetracarboxylnte . . . . . . 
Sodium dissolved in 120 C.C. alcohol . . 4.6 ,, 
Cetylic iodide.. . . . . . . . . . . . . . . . . . . . ,, 

35.0 grams. 

76.0 

The ethylic butanetetracarboxylate was dissolved in the cold solu- 
tion of sodium ethoxide, the cetj-lic iodide added cautiously, and the 
mixture well shaken ; no appreciable rise of temperature occurred ; 
the mixture was then heated for six hours on the water-bath, using a 
reflnx Condenser. After cooling and standing orer night, a consider- 
able quantity of a crystalline pan-der had separated. The contents of 
tbe flask were mixed with water, gently heated on the water-bath to 
remove alcohol, and then extracted four times with ether. The 
ethereal extract was washed with water, dried with calcium chloride, 
and the  ether distilled off, when about 60 grams O F  a dark oily liquid 
remained ; this, after some days, deposited a considerable quantitj- of 
a yellowish, soap-like mass, which was separated from the oil by aid 
of the pump, spread upon a porous plate, and crystallised once o r  
twice from light petroleum. The ethylic dicetylbutanetetracarb- 
oxylate was thus obtained pure in glistening white crjstals. 

Fo r  analysis, the crystals were heated to 100". 
0.1092 gave 0 2908 COz and 0.1117 HzO ; C = 72.62 ; H = 11.i-36, 

CpeH,,Oe requires C = 72.54; H = 11.33 per cent. 

Ethylic dicetylbutanetetracarboxylate crystallises from light re -  
trolenm in small, four-sided plates, which melt a t  69.5". It is readily 
soluble in  ether, benzene, and toluene, and in hot light petroleum, 
glacial acetic acid, and rnethylic or ethylic alcohol; on cooling, it 
crystallises again from all these solvents. 

To prepare this acid, piire ethylic dicet~-lbutanetetracarboxyl~~te 
(1 mol.) was digested for about four hours with an  excess of a solution 
of pure potassium hydroxide (6 mols.) in hetbylic alcohol, in a flask 
connected with a reflux condenser. After standing over night, 
a quantity of potassium dicetylbutanetetracarboxylate had crystal- 
lised out ;  this was ccllected, dissolved i n  hot water, and acidified 
with hydrochloric acid, when dicetylbuOanetetracarboxylic acid sepa- 
rated as an oil, which, on cooling, solidified to a hard, white, non- 
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AND OF ADIPIC ACID. 1015 

crystalline cake. To free the acid from traces of potassium chloride, 
the cake was kneaded with a little water, extracted with ether, and 
the ethereal solution washed with water. After remora1 of the 
ether by evaporation, and drying by exposure in a vacuum over 
sulphnric acid, pure dicetylbut'anetetracarboxylic acid was obtained 
as a beautiful, white, non-crystalline mass. It was found necessary 
t o  follow the above method, starting with pure material and utilising 
only the purest products, in order to  prepare p i r e  dicetylbutanetetra- 
carboxylic acid, as no solrent was found by means of which the crude 
acid could be purified by crystallisation. 

On analysis- 

0-0990 gave 0.2552 CO, and 0 1007 H,O ; C = 70.30; H = 11-l i .  
C,HirOa requires C = 70.38 ; H = 10.85 per cent. 

A further quantity of dicstylbutanetetracarboxylic acid, snfficientlF 
pure for subsequent operations, was obtained from the crude dark- 
coloured oily product, referred to as being obtained in the course of 
the preparation of pure ethTlic dicetylbutanetetracarboxylate. After 
hydrolysis of the oil with alcoholic potash, water was added, and the 
alcohol removed by evaporation on the water-bath. On cooling, 
almost the whole of the potassium dicetylbutanetetracarboxylate 
separated as a yellow saponaceous mass, which was freed from cetylic 
iodide, cetylic alcohol, cetene, and other impurities, by repeatedly 
digesting it with ether until it became almost colourless. The free 
acid obtained from this potassium salt was an almost colourlesa 
mass. 

Dicetylbntauetetracarboxylic acid is a white soap-like body, which 
has not been obtained in a crystalline form. It does not possess a, 
sharp melting-point, melting gradually between 80" and YO", and 
when heated to 150", decomposes with rapid evolution of carbonic 
anhydride. It is readily soluble in benzene, toluene, light petroleum, 
ether, and glacial acetic acid, insoluble in  w&ter, and concentrated 
hydrochloric and hydrobromic acids. It is readily soluble in cold 
ethylic alcohol, bnt in methylic alcohol its solubility varies extra- 
ordinarily within a very small range of temperature. Thus, whereas 
a t  23", 100 grams of methylic alcohol will dissolve 4.2 grams of the 
acid, at  19" only 1.9 grams of the acid are retained in solution. 

The basicity of the acid was determined by titration with d&- 
normal solutions of potassilm hydroxide and hydrochloric acid. 

0.2141 gram of substance required 0.0701 gram of ROH for 
neutralisation, phenolphthalein being used as the indicator. A 
quadribasic acid of the formula CA0H7,Oe would take 0.0703 gram of 
KOH to form the quadribasic salt C,,H7,(COOKj,. On adding 1 
or 2 drops of litmns solution to the solution of the qnadrib&c 
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101 6 LEAN : HOVOLOGUES OF BUTANETETRACARBOSYLIC ACID 

salt, which was neutral as indicated by phenolphthale'in, a very 
distinct blue coloration appeared, which only gradually became red as 
hydrochloric acid was run in. 

It appears, therefore, that dicetylbntanetetracarbosylic acid, like 
diethyl- and dimethyl-butanetetracarboxylic acids, forms quadribnsic 
salts, which are neutral to phenolphthalexn, but alkaline to litmus. 

Salts of ~icetylbiita?ietef~.nca~.boxylic acid.-In connection with the 
results obtained when determining the basicity of the acid, i t  appeared 
of interest t o  examine some of its salts. 

Calcizcnz saZt, C1,Hi2OaCa.-The acid was dissolved in dilute 
ammonia, and the excess of ammonia removed by et.aporation, until 
the solution was but very slightly alkaline to litmus; excess of 
calcium chloride was then added, and the mixture well shaken. 
The white precipitate, collected on a filter, mashed with water, and 
dried on a porous plate, was freed from a trace of colouring matter by 
crystallising it from boiling ethylic alcohol, from which it separated 
in needles. 

For analpis, the salt was dried in the air for  six days. 
(1.) 0.3176 gave 0.0462 CaS04 ; Ca = 4.31. 
(2.) 0.2887 ,, 0.0424 ,. ,, 4-32. 
(3.) When heated at loo", the calcium salt slow-ly loses weight, 

becoming slightly viscid, and undergoes slow decomposition, 
so that it niay possibly contain water o r  alcohol of crystallisa- 
tion. 

CAoHi20,Cct requires1Ca = 4-83 per cent. 
I t  thus appeam that the calcium salt which is formed under the 

above conditions is bibasic. It is insoluble in water, somewhat 
readilp soluble in ether, but only sparingly in ethl-lie alcohol. 

Silr-er salt, C40Hiz0,Ag2.-The solution of the ammonium salt, 
Toitich was neutral as indicated by litmus, mas poured into excess of 
silver nitrate solution, and the mixture well shaken. The insoluble 
silver salt which was thromx down was collected on a filter, well 
washed, and dried on a porous plate and over sulphuric acid. 

0.1068 gave 0.0260 silver; Ag = 24.34. 

The silver salt formed nnder the move conditions appears, there- 
It is unstable, and quickly blackens on exposure 

C,,H,,O,Ag., requires Ag = 24.11 per cent. 

fore, t o  be bihasic. 
t o  light. 

Pure dicetylbutanetetmcarboxylic acid was heated in an oil-bath at 
205O unhil carbonic anhydride was no longer evolved ; on cooling, a 
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mther brown, non-crystalline cake was formed. With the exception 
of ether and methylic and ethylic alcohols, it is sparingly solable in the 
usual solvents ; in niethylic o r  ethylic alcohol it is readily soluble 
on warming, separating again in an amorphous form on cooling; 
consequently the purification and isolation of the two isomeric 
clicetyladipic acids is a matter of some difficulty. It was found 
advantageous to purify the mixture of the isomeric acids by digestiorl 
with ethylic alcohol and animal charcoal ; after filtration, an almost 
colonrless product separated on cooling, which melted gradually 
between 30" and 40". 

Isolation of the motlrjicafio?A of h i g h e ~  meZtiug-point.-The product 
melting at 30-40" was dissolved in hot ethylic alcohol, and the mass 
which separated on cooling, after drying on a porous plate and by 
exposure over sulphuric acid in a vacuum, mas found to melt at 
38-42' ; on repeating this treatment, a substance was obtained 
which melted at  41-43", and subsequent recrystallisation did not 
raise the melting-point. 

I. 0.1208 gave 0.3420 CO, and 0.1355 H,O ; C = 77.21 ; H = 12-46. 
11. 0.12227 ,, 0.3490 ,, 0.1380 H,O ; C = 77.54; H = 12.49. 

C4,H,,04 requires C = 77-53 ; H = 12.62 per cent. 

From the results of the analysis, it appeared that the substance 
melting at  41-43" was not a dicetyladipic acid, but its ethylic salt, 
formed by the repeated solution of the acid in hot ethylic alcohol, and 
.this was rendered the more probable by its behaviour on hydrolysis. 
To obtaiu the acid itself, the ethereal salt was hydrolysed with 
alcoholic potash ; the alcohol was evaporated on the water-bath, 
hydrochloric acid added, and the product extracted with ether ; after 
washing the ethereal solution with water, the ether was evaporated 
on the water-bath, and the aThite mass obtained xas dried by ex- 
posure over sclphuric acid in a vacuum ; the melting-point, namely, 
40-43", was scarcely altered, but analysis proved it to be dicetyl- 
adipic acid. 

0.1138 gave 0.3203 COz  and 0.1267 H,O ; C = 76.76 ; H = 12-37'. 
C,,H,,O, requires C = 76.77 ; H = 12.46 per cent. 

IsolafioiA Qf the modCjicatiou r$ lozcei* ~nt.ltisLg-point.-In the isola- 
tion of the modification of higher melting-point, the substance 
melting at  3O-4Oo, obtained by heating dicetyl butanetetracarboxylic 
acid at  210", was dissolved in hot ethylic alcohol ; the mass which 
separated on cooling melted at  38-42", but the mother liquor, on 
standing a day o r  two, deposited a second crop, which was found to 
melt at  33-38°. The mother liquor from this was concentrated, and 
on standing deposited a third crop, melting at  29-343; this was 

VOL. LXV. 4 c  
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1018 LEAN : HOMOLOGUES OF BUTAXETETRACARBOSTLlC ACID 

dissolved in a small quantity of alcohol, and the solution, after a time, 
deposited a pure white amorphous substance, which, when dried, 
melted a t  32-34". 

On analysis- 

0.1491 gave 0,4188 CO, and 0.1675 H,O ; C = 76.65 ; H = 12.48. 
C,H,,Oa requires C = 76.7'7 ; H = 12.46 per cent. 

It is noteworthy that the lower-melting dicetyladipic acid, unlike 
the modification of higher melting-point, does not appear to form an 
ethereal salt when repeatedly dissolred in ethylic alcohol, though it is 
more readily soluble in the latter. 

YH,*C(C,H,)(COOEt), D. Ethyl ic  Dibeii~ylbzrtnizetetrncar.liolu?llate, 
CH,*C: (C,H,)( COOEt),' 

The quantities used in the preparation of this substance were, 

Ethylic butanetetracarbosylate . . . . . . 35.0 grams. 
Sodium dissolred in 60 C.C. alcohol . . . 
Benzylic chloride . . . . . . . . . . . . . . . . . . 4.6 ,) 

,, 30.0 

The ethylic butanetetracarboxylate was dissolved in the cold solu- 
tion of the sodium ethoxide ; the benzylic chloride was then cautiously 
added, and the mixture after shaking became perceptibly warm. 
The whole was then heated on the water-bath for about two hours, 
using a reflux condenser to complete the action. The contents of the 
flask were mixed with water, and distilled with steam until the 
alcohol and excess of benzylic chloride mere removed ; on cooling, 
the crystals which gradually separatzd were collected, washed with 
a little water, and dried on a porous plate. They were then dissolved 
in ether, the ethereal solution washed with water, dehydrated with 
anhydrous potassium carbonate, and the ether evaporated until the 
dibenzyl-derivative began to separate. On standicg, a plentiful crop 
of small white crystals of pure ethylic dibenzylbutanetetracarboxylate 
was obtained ; on analysis, 

0.1934 gave 0.4830 CO, and 0.1282 H,O ; C = 68.09 ; H = 7.34. 
C30H3808 requires C = 68.44; H = 7.22 per cent. 

Ethylic dibenzylbutanetetracarboxylate crystallises in small four- 
sided tabular crystals. It is readily soluble in boiling methylic or 
ethylic alcohol, froni x-hich it crystallises on cooling. It is somewhat 
more sparingly soluble in ether and in light petroleum, from both of 
which it crystallises on cooling. It dissolves in warm benzene, but 
does not separate out on cooling. When crystallised from ethylic- 
alcohol, it melts at 126-127O. 
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AND OF ADPIC ACID. 1019 

YH2.C (C7H;) (C 00 H)2 Dibeizzylbzctaiaetet,.aca,.boxylic acid, 
CH2*C ( C,H7) (C 0 0 H)2* 

This acid is formed by the hydrolysis of ethylic dibenzylbntane- 
tetracarboxylate with alcoholic potash. About 36 grams of the 
pure ethereal salt (1 mol.) were heated for two hours on the water- 
bath with a solution of 24 grams of potassium hydroxide (6 mols.) 
in methylic alcohol, in a flask connected with a reflux con- 
denser. After cooling, and standing over night, a considerable 
quantity of potassium dibenzylbutanetetracarboxylate separated in 
the cyystalline form; the alcoholic solution was filtered off, and 
worked up independently. The crystalline potassium salt was 
dissolved in water, and concentrated hydrochloric acid added, when 
the dibenzylbutanetetracarboxylic acid separated in a semi-solid 
state, and after standing for a short time solidified to a hard white 
crystalline cake. This was separated from the mother-liquor, 
washed with water, dried on a porous plate, and purified by repeated 
crystallisation from 75 per cent. acetic acid, until the melting-point 
was constant. It was found necessary to crystailise the acid six o r  
seven times. 

For analysis, the acid was dried on a porous plate, heated at  100" 
in an air-bath, and finally placed over potassium hydroxide in a, 
vacuum, to ensure the removal of traces of acetic acid, which were 
retained somewhat persistently. 

I. 0.1491 gave 0.3477 CO, and 0.0763 H,O ; C = 63-59; H = 5.68. 
11. 0.1483 ,, 0.3450 ,, 0.0754 H,O ; C = 63.44; H = 5.64. 

111. 0.1591 ,, 0.3727 ,, 0.0773 H,O; C: = 63.88; H = 5-39. 
C,,HEI,?0, requires C = 63.77; H = 5.31 per cent. 

A further quantity of less pure acid was obtained from the alco- 
holic mother-liquors previously referred to above ; these were mixed 
with water, and after evaporating on a water-bath until free from 
alcohol, concentrated hydrochloric acid was added, when the di- 
bsnzylbutanetetmcarboxylic acid separated as a heavy oil ; this, 
when extracted with ethzr, kc., in the usual way, left the acid as a 
thick brownish oil, vhich did not solidify, even aft>er standing for  
days over sulphuric acid in a vacuum. This crnde acid was, however, 
sufiiciently pure for conversion into dibenzyladipic acids as described 
in the next section. 

Dibenzylbutanetetracarboxylic acid crystallises from dilute acetic 
acid in beautiful white plates, which, on exposure over potassium 
hydroxide in a vacuum, slowly lose weight, apparently from loss of 
acetic acid of crystallisation ; after heating for a few minutes a t  loo", 
the acid melts at 166-167", with evolution of carbonic anhydride. 

4 c 2  
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Heated at 100-105", it is very slowly converted into dibenzyladipic 
acids. It is readily soluble in cold ether, and in methylic 01- ethylic 
alcohol, also in hot benzene or toluene, and more sparingly in light 
pet)roleum, from which i t  ciystallises on cooling. I t  is soluble in 
hot acetic acid, and crystallises out partially on cooling, but much 
more completely on the addition of water, as i t  is very sparingly 
soluble in water. 

The basicyty of the acid was determined by titration with decinor- 
ma1 solutions of potassium hydroxide and hydrochloric acid. 

0.1800 gram of the acid required 0.0486 gram of KOH for  neutra1- 
isation, as indicated by litmus. An acid of the formula C,,H,,(COOH), 
would take 0.0974 grain of KOH to form the quadribasic salt, or 
0.0487 gram of KOH to form the bibasic salt. 

A determination was also made in which phenolphthale'in =as used 
as the indicator. 0.2389 gram of the acid required 0.05'78 gram of 
]<OH for neutralieation, as indicated by phenolphthaleln ; OIJ adding 
a drop or two of litmus to the colourless solution, it was coloured 
distinctly blue, and two or three drops of NjlO hydrochloric acid 
were necessary to render the solution neutral to litmus. An acid 
of the formula C1,H,,(COOH), mould require 0.0646 gram of KOH to 
form the bibasic salt CISHI,( COOHj,(COOS)z. 

Whilst, therefore, phenolphthaleh and litmue did not give nbso- 
lutely identical results, i t  appears that dibenzylbutanetetracarbosylic 
acid tends to forin neut'ral bibasic salts. 

Salts of Diberizylbufaneteti.ncai.boz y l ic acid .-In view of the res ut t 
obtained on titrating the acid, it was thought advisable to examine 
Some of its salts, in order to determine whether these were bibasic or 
quadribasic. 

Calcizcnz XQZ~, C2?H,,08Ca + 2H,O.-About 2 grams of the acid 
were boiled with excess of calcium hydroxide, and %he excess of lime 
precipitated by passing R stream of carbonic anhydride through the 
solution ; the product was boiled and filtered, and the gltrate evapo- 
rated to a small bulk. The calcium salt which orystaJlised out was 
collected in a filter, and dried on a porous plate. 

For analysis, the salt was dried by exposure to the air for six days. 

0.3689, on heating at  110" till constant, lost 0.0286 YzO ; HzO = 7-75. 
0.2838 salt gave 0.0788 CaSOj; Ca = 8.1 7. 

CzzHzoOsCa + 2H20 requires Ca = 8-25 ; H,O = 7.37 i)er cent. 

The calcium salt, which is formed in the above manner, appears 
therefore to be bibasic, crystallising probably with 2Hz0. I t  loses its 
water of crystallisation very slowly over sulphuric acid in a vacuum; 
when heated at  15Go, it gradually decomposes. 

Si1z.e~ SnZt, CzzHaOsd,a,.-Excess of silver nitrate solution was 
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AND OF ADIPIC ACID. 1021 

added to a neutral solution of the calcium salt The white pre- 
cipitate was collected on a filter, well washed with wate,', and dried 
on a porous plate and finally over sulphuric acid. 

Analysis proved the salt to be bibasic. 
0.4038 gave, on ignition, 0.1389 silver ; A g  = 34-40. 

The same silver salt is obtained on precipitating a neutral solution 
of the ammonium salt with silver nitrate solution ; it is somewhat 
soluble in water, and decomposes readily when exposed to the light. 

CBH,,OsAg, requires Ag = 34-55 per cent. 

Q H,* C H ( CiHT) .C OOH 
CH,.CH( CiHi) *COOH 

Dibenzylndipic acids, 

The impure oily dibenzylbutanetetracarboxylic acid (p. 1019) was 
heated in an oil-bath at  200" till all evolution of carbonic anhydride 
had ceased ; on cooling, the impure dibenzyladipic acid solidified to 
a crystalline cake. The purification of this crude product, and the 
separation of the isomeric acids, is a somewhat difficult matter, and is 
best effected by means of their barium salts. About 14 times the 
theoretical quantity of barium hydroxide was dissolved in a con- 
siderable quantity of water, and boiled with the crude dibenzyl- 
adipic acids for 24 hours. As the barium salts thus formed remain 
dissolved if the solution is sufficiently dilute, the hot liquid was 
filtered, and a current of carbonic anhFdride passed through the 
solution to remove the excess of barium hydroxide. The solution 
was filtered, the precipitated barium carbonate washed repeatedly 
with water, and the colourless filtrates concentrated on the water-bath 
until about one-half of the barium salts present had crystallised 
out. The glistening white plates thus obtained were rapidly filtered 
from the mother-liquor (the barium salts are less soluble in hot 
water than in sold), dissolved in water, and concentrated hydrochloric 
acid added, when the dibenzyladipic acids were throim down as a 
white, microcrj-stalline precipitate ; this --as collected on a filter, 
washed with a little water, and dried on a porous plate ; the melting- 
point was fonnd to be 190-210". After recrystallising three times 
from glacial acetic acid, a crop was obtained which melted at  
207-211" ; the mother-liquors were concentrated to a small bulk, 
and the acid which crystallised out again removed ; the filtrate was 
then heated to boiling, and diluted with hot water until a cloudiness 
began to  appear ; on cooling, crystals were formed, which melted at 
153-163". The solubilities of the two crops melting at  207-211" 
and 153-165" respectively were then compared in several solvents, 
arid it was found that the one melting at  207-211" was practically 
insoluble in boiling toluene, whilst that melting at  153-165" dig 
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1022 LEAN : HOMOLOGUES OF BUTANETETRACARBOXYLIC ACID 

solved readily, and in large measure crysta,llised out again on 
cooling. 

To isolate the modification of dibenzyladipic acid of higher melting- 
point, the crop melting at  207-211" was digested with boiling 
toluene, and the undissolved acid collected on a filter, washed, and 
dried; on repeating this process several times, the final product 
melted constantly a t  211--213". Analysis proved it to consist of 
pure dibenzyladipic acid. 

0.1440 gave 0.3893 CO, and 0.0892 H20 ; C = 73-73 ; H = 6.88. 
C,H,04 requires C = 73-62 ; H = 6-75 per cent. 

To isolate the modification of lower melting-point, the product 
melting at 153-165" was reci-ystallised twice from toluene and then 
orice from dilute acetic a,cid, when the acid was obtained in beautiful, 
colonrless prisms melting sharply at  152". It gave the following 
numbers on rmalysis. 

0-1494 gave 0.4028 CO, and 0-0913 H,O ; C = 73.53 ; H = 6.79. 
C,H,,O, requires C = 73.62 ; H = 6-75 per cent. 

The mother liquor from the barium salts of the t w o  acids gave a 
much larger quantity of the modification of lower melting-point. 

Properties of the dibeiizyladipic acid meliing at 211-213".-This 
acid is deposited from its glacial acetic acid solution in clusters of 
diamond-shaped crystals of the following form. 

The siirer salt, C20H2(rOJAg2, which is very stable, was prepared 
fram the ammonium salt in the same way as the other silver salts 
(p. 1011). It gave the following numbers on analysis. 

0.2056 gave 0.0821 silver ; A g  = 39.93. 
C,,H,,0aAg2 requires Ag = 40.00 per cent. 

Properties of t h e  dibeiizyladipic acid rnelfiiig af 152".-This acid 
crystallises from dilute acetic acid in  six-sided prisms of the follow- 
ing form. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
94

. D
ow

nl
oa

de
d 

by
 D

re
xe

l U
ni

ve
rs

ity
 o

n 
26

/1
0/

20
14

 1
6:

45
:2

6.
 

View Article Online

http://dx.doi.org/10.1039/ct8946500995


AXD OF ADIPIC ACID. 1023 

The silver salt, CzoH200aAg2, was prepared in the same way as the 

0.2620 gave 0.1049 Ag on ignition. 

It is somewhat soluble in hot water, and blackens rapidly on ex- 

The so7~diZity of the two dibenzyladipic acids in Farions solvents 

other silver salts, and analysed with the following result. 
Ag = 40.03. 

C201&,,04Ag2 requires -4g = 40.00. 

posure to light. 

may be conveniently recorded in tabular form. 

I Solubilities of the two dibenz-laclipic acids. 
I 

Solrents. I I 
Dibenzyladipic acid Dibenzgladipic acid 

' melting at 211-213O. 1 melting at  152'. 

Ether ............ 
Methylic alcohol . . 
Benzene .......... 
Toluene .......... 

Ethylic alcohol.. .. 
Soluble in the cold. 
Soluble in the cold. 
Soluble in the cold. 
Insoluble. 

Only slightly soluble on boil- 
ing. 

Light petroleum ... 1 Insoluble. 
Water..  .......... 1 Insoluble. 
Glacial acetic acid.. 1 Very sparingly soluble in t,he 

1 cold; on boiling it dis- 
solves readily, and on cool- [ ing crystallises out again. 

I 

Readily soluble in the cold. 
Readily soluble in the cold. 
Readily soluble in the cold. 
Soluble on heating; the acid 

is not precipitated on cooling. 
Readily soluble on warming; 

on cooling the acid crystal- 
lises out again. 

Insoluble. 
I nsolii ble. 
Readily soluble in cold naetic 

acid; it is precipitated in a 
errstallhe form on adding 
water. 

It will be seen from the above table that the two dibenzyladipic 
acids differ markedly in their degree of solubility in benzene, toluene, 
and glacial acetic acid ; the acid melting at  152' being much the more 
soluble of the two. 

The author desires particularly to thank Professor W. H. Perkin, 
jun., for the fruitful suggestion which led to this research, and for 
the encouragement which was given whilst it was in progress. 

Orgaiiic Laboratory, 
Ozcens Col Zege, Mancher fe r .  
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